In this paper, aspects of pulsed direct current (PDC) water splitting are described. Electrolysis is a simple and wellknown method to produce hydrogen. The efficiency is relatively low in normal conditions using conventional DC. PDC in electrolysis brings about many advantages. It increases efficiency of hydrogen production, and performance of the electrolyser may be smoothly controlled without compromising efficiency of the process. In our approach, ultra-short pulses are applied. This method enhances efficiency of electrical energy in the process of decomposition of water into hydrogen and oxygen. Efficiency depends on frequency, shape and width of the electrical pulses. Experiments proved that efficiency was increased by 2 to 8 per cent. One of the prospects of PDC electrolysis producing hydrogen is in increase of efficiency of energy storage efficiency in the hydrogen. There are strong efforts to make the electrical grid more efficient and balanced in terms of production by installing electricity storage units. Using hydrogen as a fuel decreases air pollution and amount of carbon dioxide emissions in the air. In addition to energy storage, hydrogen is also important in transportation and chemical industry.
INTRODUCTION
In recent years, hydrogen production and storage systems are in the process of development and reseach. Hydrogen itself seems to be the most convenient energy carrier for the future long-term storage energy systems. The transformation of chemical energy stored in hydrogen into electrical energy is done directly in the fuel cells. The efficiency of electricity production in the fuel cell is achieved up to 70 %.
There are several ways to produce hydrogen. Alkaline water electrolysis represents one of the easiest methods. The challenge is to increase efficiency as well as to reduce the electrical resistance and the reaction resistance in the electrolysis cell. When two electrodes are immersed in the electrolyte and the current is caused to flow, the electrical double layer is formed. All this aspects causes phenomenon called overpotential. The minimum necessary voltage (also called reversible potential) of the cell to break the bonds between hydrogen and oxygen atoms in water molecule is approximately 1.23V. In practical use, the voltage is higher and the cell is heated by the excess energy generated.
Process of electrolysis requires a direct current power supply. Conventional applications use unidirectional flow of electric charge, that is direction of the electrical current is constant. Applying pulsed direct current can bring electrolysis to a different level.
HYDROGEN PRODUCTION VIA PULSED DIRECT CURRENT
PDC is basically a direct current in short time intervals that is pulses (Fig. 1) . The basic principle is in using a regularly interrupted current in the electrolyser instead of constant direct current.
Conventional pulse width modulation (PWM) controller generates and controls the pulses. The controller switches on and off unidirectional voltage using a switch. The benefit is that the switch is either fully open or closed. When the switch is open, the current flows at maximum power supply voltage. And vice versa, closed switch means zero current.
Figure 1 Example of PDC waveform

Background and literature review
The electrolyser is turned on and acts as a resistor and capacitor at the same time. If we add a transformer in the system, we form an inductor. All together form an RLC circuit, which may resonate under specific conditions. Electrical impedance of cells under PDC was researched by Mazloomi et al. in 2012. Authors found out that energy consumption of a circuit with resonance driven by electrical pulses was 15 per cent lower than energy consumption of a circuit driven by direct current. In the same year, Vanags and others from the University of Latvia in Riga researched course of the current and voltage in an electrode immediately after the pulse. In addition to other findings, the researchers learnt that the course of the current flow depends on electrolyte concentration. Naohiro Shimizu et al. researched the impact of ultra-short electrical pulses on development of electric double interfacial. The team used ultra-short pulse with the width of 300 ns. Such a short time prevents formation of electrical double interfacial and thus allows for more efficient use of higher voltages and currents. PDC in electrolysis brings about many advantages. It increases efficiency of hydrogen production, and performance of the electrolyser may be smoothly controlled without compromising efficiency of the process.
Electric double layer is developed on a common boundary between the electrolyte and the electrode during the process of electrolysis. The phenomenon is caused by polarization of the electrodes and presence of active H+ and OH-. Electric double layer in common electrolytes is developed within microseconds after the electric current starts flowing through the electrolyte. Thanks to this quality, we may say that the electrolyser in a certain way acts as a capacitor. Electrolyser is charged and depleted regularly during the PDC flow (Fig.  2) . If the frequency is sufficiently high when the PWM switch is closed (no current flowing from the power supply), the voltage on electrolyser is only slightly lower than maximum voltage on cells when the switch is open. In other words, electrolyser has certain inertia and as long as the voltage is sufficient, partial production of hydrogen will take place even when the switch is closed.
Figure 2 Real signals measured and captured by
oscilloscope This results in increase in efficiency of electricity used for electrolysis. For example, 50 percent duty cycle means half the consumption of electrical energy compared to values of DC, and yet the production of hydrogen from PDC is slightly higher than 50 percent.
Electrolyser response to other factors
There are other factors affecting electrolysis, such as the method for separation of gaseous bubbles from the electrode surface. Small bubbles tend to adhere to the electrode surface and rise to the liquid surface only after they formed higher volume units. Bubbles act like an insulator, which increases voltage necessary for a successful electrolytic process. Voltage then affects efficiency and excess heat produced by heating of the electrolyte. At cell voltage equal to 1.45 V, which is called the thermo-neutral voltage, all supplied energy is transformed to decompose water. In reality, electrolysis proceeds under higher voltage (minimum 1.6-2.5 V), which means the cells get heated. When the electrolysis is performed using a PDC power supply, bubbles separation is much more efficient. Certain frequencies of the electrolyser may even result in a much more efficient separation of bubbles from the electrodes.
RESULTS
Our experiments consisted of measuring consumption of electrical energy per volume unit of PDC-and DCproduced hydrogen. The following chart clearly shows that the efficiency of the process is significantly higher for PDC: Pulses of various frequencies of a rather large range were applied during the experiments. At the same time, a different duty cycle, that is relative width of the pulse, was set for each frequency. We found out that the final efficiency depends not only on frequency, but mostly on the duty cycle. Our experiments proved that efficiency of the process for DC was ca. 60 per cent and maximum 70 per cent for PDC (Fig. 3 ).
OBJECTIVES OF THE RESEARCH AND POTENTIAL OF THE PROJECT
In terms of efficiency increases, electrolysis is a field offering many innovations and experiments. This concerns mainly changes to thermal and pressure conditions of the process, distance of electrodes and flow of electrolyte in the cells. Electrical pulses are another area with a great potential for research into the combinations of the abovementioned areas. Objective of this project is to determine dependency of efficiency of electrolysis on shape and properties of electrical pulses.
CONCLUSION
Electrolysis driven by a PDC power supply may be engaged whenever we need higher efficiency of electrolysis for hydrogen production. Changes to the duty cycle may evenly control performance of the electrolyser and hydrogen production may continue under constant voltage of the power supply, which is a great benefit of the method. Control of the process is an important factor in storage of electrical energy from renewable sources of energy into hydrogen. This type of sources usually has a fluctuating performance dependent on weather conditions. Storage of electrical energy is a simple way of achieving stability in a power grid.
